
Storing Hydrogen for the 
Vehicle of the Future
srnl at the forefront of hydrogen 

storage r&d

Also in this issue:

Next-Generation 
Hydrogen Isotope 
Separation Process

Tailoring Inorganic 
Sorbents for Strontium 
and Actinides

2007 – Vol. 1 – No. 1

srnl Designated doe-Environmental Management Corporate Laboratory



On the Cover
This artist’s conception of a hydrogen-fueled vehicle of 

the future illustrates how advances in hydrogen storage 
technology can make hydrogen-fueled vehicles a 

practical reality. srnl has several r&d pro-
grams that draw on decades-long ex-

perience in handling hydrogen.

About Science At Work
Science at Work is the flagship publication of the 

Savannah River National Laboratory (srnl). It is designed 
to provide our Department of Energy customer, members 
of the scientific community, and the general public 
highlights of srnl programs to put science to work in 
high-value r&d to serve urgent national needs.

Disclaimer
This document was prepared in conjunction with work accomplished under 
Contract No. DE-AC09-96SR18500 with the u.s. Department of Energy. 
This work was prepared under an agreement with and funded by the u.s. 
Government. Neither the u.s. Government or its employees, nor any of its 
contractors, subcontractors or their employees, makes any express or implied: 
1. warranty or assumes any legal liability for the accuracy, completeness, or for 
the use or results of such use of any information, product, or process disclosed; 
or 2. representation that such use or results of such use would not infringe 
privately owned rights; or 3. endorsement or recommendation of any specifically 
identified commercial product, process, or service. Any views and opinions of 
authors expressed in this work do not necessarily state or reflect those of the 
United States Government, or its contractors, or subcontractors.



�	 2007 – Vol. 1 – No. 1

From the Laboratory Director
2	 Dr. G. Todd Wright
	 An introduction...

News Briefs
3	 srnl Designated doe-em 

“Corporate Laboratory”

5	 fbi Opens Laboratory Suite 	
at srnl

Energy Security
6	 Storing Hydrogen for the Vehicle 

of the Future
	 srnl is at the forefront of hydrogen storage 

r&d with innovative programs...

Environmental Management
12	 Tailoring Inorganic Sorbents for 

Strontium and Actinides
	 A national team led by srnl has tailored a new 

material to improve the removal of strontium and 
actinides...

National & Homeland Security
18	 Next-Generation Hydrogen Isotope 

Separation Process
	 This new process greatly simplifies the overall 

system, increases production, and provides 
greater flexibility...

Technologies in the News
	 Three srnl-developed technologies were 

selected for inclusion in the World’s Best 
Technologies Showcase

11	 solace

17	 BioTiger™
21	 RadRope™

22	 srnl Passive Remediation Technique Cleans 
Water Contaminated by Mine Drainage

23 	 Awards 

 

2007 – Vol. 1 – No. 1

TiO

Pu
O

O

O

O
O

TiO

Np O

O

Np

O
O

O

O
O

FT
 M

ag
n
it

ud
e 0.008

0.010

0.006

0.004

0.002

0.000

Loading: ~10,000 mg kg-1 added as Pu(VI)

Titanium

Oxygens

Loading: ~600 mg kg-1 added as Pu(IV)

FT
 M

ag
n
it

ud
e

0.000
0.002

0.004

0.006

0.008

0.010

0.012

0.014 Oxygens

Pu

Loading: ~9,400 mg kg-1 added as Np(V)

FT
 M

ag
n
it

ud
e

0.000

0.002

0.004

0.006

0.008

0.010

0.012

10 2 3 4 5 6 7 8

R, Å

Oxygens

Titanium

Np

Colloidal
Pu(IV)

Pu(VI) reduction to Pu(IV). Inner-sphere 
sorption as monomeric Pu(IV) species 

on normal TiO6 octrahedra

Sorption of polymeric Pu(IV) explains 
slow sorption kinetics

Inner-sphere sorption of Np as 
polymeric Np(V) species on distorted 

TiO6 octrahedra

Science at Work Staff:

srnl
	Lucien M. Papouchado	 Scientific Editor
	 Angeline French	 Communications Lead	 	
	 Kelly Way	 Photo Coordinator	

Documentation & Information Services
	 John R. Strack	 Executive Editor	 	
	 Duane Hoepker	 Art/Design Director
	 Byron Williams	 Staff Photographer	 	
	 Steve Ashe	 Staff Photographer	

srnl Business Contact 
Steven T. Wach

steve.wach@srnl.doe.gov

803.725.3020

Contents

Published by the Savannah River National 
Laboratory, in conjunction with the Department of 

Energy Savannah River Site. Managed and operated 
by the Washington Savannah River Company and the 

wsrc Team.

Produced by wsrc Documentation  
& Information Services

http://srnl.doe.gov

©2007 Washington Savannah River Company llc.
All rights reserved. Permission to reproduce, store in an 
electronic retrieval system, or transmit in any form by 

any means must be obtained in writing from Washington 
Savannah River Company llc. 

Printed in the usa

06H01340



� Savannah River National Laboratory

From the Laboratory Director

It is with great pride that we inaugurate the first issue of the  
Savannah River National Laboratory’s magazine, Science at Work.  
For decades, this laboratory … under its former names:  Savannah River 
Laboratory and Savannah River Technology Center … has been quietly 
serving the U.S. Department of Energy, doe’s Savannah River Site, 
and other customers by developing and deploying technology solutions 
that address real-world needs.  When, in 2004, the Secretary of Energy 
designated us as a National Laboratory, we knew that one of our new 
priorities would be to increase the ways we communicate the technical 
excellence that has been one of the laboratory’s historical trademarks.  

Our new magazine is designed to provide the reader the opportunity to 
learn more about the many ways that srnl puts science to work, safely 
conducting high-value research and development, and applying it to some of 
the nation’s most urgent needs.  

We have organized the magazine to highlight work in each of our three 
major program areas:  environmental management, energy security, and 
national and homeland security, along with brief articles on significant 
achievements and activities.  Since srnl’s designation as the doe Office 
of Environmental Management’s “Corporate Laboratory” (see following 
article), our work to help to reduce technical uncertainties in order to assist 
doe sites in meeting cleanup requirements has gained special significance 
that will be reflected here.  

Enjoy the first issue of Science at Work!

Dr. G. Todd Wright
Laboratory Director
Savannah River National Laboratory
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SRNL Designated  
doe-em “Corporate Laboratory”
In early 2006, the U.S. Depart-

ment of Energy (doe) desig-
nated srnl as the “Corporate 
Laboratory” for the doe Office 
of Environmental Management 
(em), recognizing srnl as a key 
resource for em and its programs 
at sites around the country. This 
designation also gives srnl a 
new mandate to provide targeted 
technical assistance and tech-
nology solutions for cleanup ef-
forts. In this role, srnl will use 
its applied research leadership 
and a collaborative approach 
to assist doe sites in enhancing 
cleanup, achieving cost efficien-
cies, and increasing safety by re-
ducing technical risk. 

em’s mission is the accelerated 
risk reduction and cleanup of the 
environmental legacy of the na-
tion’s nuclear weapons program 
and includes re-
sponsibility for 
the cleanup of 
114 sites across 
the country. 
These tasks are 
technically com-
plex and require 
innovation 
and advanced 
technologies 
to succeed. In 
particular, ap-
plied research 
is needed to en-
hance projects 
to stabilize high-
level radioactive 
waste, clean up 
groundwater 
and soils, de-
activate and 
decommission 

legacy facilities, and stabilize and 
dispose of transuranic and spent 
fuel wastes.

“For many years, srnl has en-
abled the Savannah River Site 
to be one of the leading sites in 
the country in the areas of en-
vironmental cleanup and waste 
treatment and disposal, and we 
have also assisted other sites 

throughout the complex by pro-
viding them with innovative 
technology solutions,” says  
Dr. G. Todd Wright, srnl Labo-
ratory Director. “It is a natural 
evolution for srnl to take on this 
larger role of em Corporate Labo-
ratory in view of our proven per-
formance and track record in em, 
and our tradition of working well 

As em’s Corporate Laboratory, srnl 
created an exhibit for the lobby of doe’s 
Washington, D.C., headquarters (left) 
highlighting how em uses science and 
technology to achieve its mission, with 
an emphasis on the role of srnl and the 
other National Laboratories. The exhibit 
was presented to Secretary of Energy 
Samuel Bodman (center) by Dr. G. Todd 
Wright (left), Deputy Assistant Secretary 
Mark Gilbertson (right), and Assistant 
Secretary James Rispoli (above), 
with Robert Edwards and Bill Spader 
(background) of doe-Savannah River.
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with other National Laboratories 
to take advantage of complemen-
tary skills,” he added.

Since the announcement, srnl’s 
leadership has been working 
closely with em — particularly 
with Assistant Secretary for 
em James A. Rispoli, Principal 

Deputy Assistant Secretary for em 
Charles E. Anderson, and Deputy 
Assistant Secretary for Engi-
neering and Technology Mark 
Gilbertson — to plan srnl’s role 
as the em Technology Integration 
Office. This role will extend over 
all the technical areas of the em 

program and integrate the best 
expertise of other doe National 
Laboratories. Capabilities from 
universities and relevant indus-
tries will also be incorporated 
to deliver world-class services to 
support the em customers.  

a

(a) Keith Hyde of srnl (left) uses an 
innovative technology (Membrane 
Interface Probe) to delineate the 
depth discrete distribution of solvent 
in the subsurface sediment at the 
Waste Management Unit at doe’s 
Ashtabula Closure Project in Ohio.

(b) Keith Hyde of srnl collects 
samples to measure hydrogen 
levels in groundwater from Mound’s 
Operable Unit 1 in support of 
implementation of Monitored 
Natural Attenuation at the landfill  
in Ohio.

(c) Andy 
Foreman of 

srnl performs 
an engineering-

scale test on the 
cesium-removal ion-exchange resin 
in support of the Hanford Waste 
Treatment Plant (wtp). The tests were 
conducted at the srnl Engineering 
Development Laboratory using actual 
resin (c–inset) and nonradioactive 
simulants of the Hanford waste.

(d) Duane Adamson of srnl 
observes the foaming behavior of 
a vacuum evaporator under test at 
the srnl Engineering Development 
Laboratory in support of the Hanford 

dc

b

Srnl’s designation as em’s Corporate Laboratory builds on the laboratory’s long history of helping sites 
throughout the Department of Energy complex by providing innovative technology solutions in radioactive 

waste management, environmental cleanup, and related challenges.

Waste Treatment Plant (wtp). The 
engineering-scale evaporator is a full-
height and 1/9-scale diameter replica 
of the plant equipment with clear 
plastic walls to permit observation 
of the liquid–gas interface. srnl has 
used its extensive experience in the 
treatment of srs high-level nuclear 
waste and the development of the 
Defense Waste Processing Facility 
(dwpf) to assist the Hanford site over 
the past 10 years in the development 
of the wtp for treatment of their high-
level waste. Zafar Qureshi (d–inset) 
of srnl operates the controls and 
monitors the performance of the 
vacuum evaporator.
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In November 2006, the Federal 
Bureau of Investigation (fbi) and 

srnl opened a new laboratory and 
office suite for the forensic exami-
nation of radiological material and 
associated evidence, located at srnl. 

The new Radiological Evidence 
Analysis Lab Suite (reals) will 
serve as a hub laboratory for the 
fbi and intelligence agencies that 
are involved in the prevention of 
terrorism and the investigation of 
the dispersal of radiological ma-
terials. The new reals provides 
the fbi with a flexible radiological 
containment laboratory where fbi 
experts can safely conduct forensic 
examinations on items of evidence 
associated with radiological mate-
rial. The reals represents a signifi-
cant forensic partnership between 
the fbi and srnl, said Dr. Joseph 
DiZinno, fbi Laboratory Director.

The fbi and srnl have a long-
standing partnership to provide 
law enforcement with the ability to 
conduct investigations that involve 
radioactive materials. “srnl’s mis-
sion is putting science to work to 
support the security of our nation 
and its people,” says Dr. G. Todd 
Wright, srnl Laboratory Director. 
“This significant partnership with 
the fbi allows us to combine our 
radiological expertise with the fbi’s 
forensic expertise to provide a new 
level of support to combat the war 
on terrorism.” 

srnl conducted several years of 
development to adapt fbi forensic 
protocols for application in radio-
logical labs. Based upon this re-
search the reals is equipped with 
radiological containment systems 
to protect workers from harmful ra-
diological evidence, while fbi Labo-
ratory examiners perform  

fbi Opens Laboratory 
Suite at srnl

(Top) A disposable radiological “dog house” containment was developed for 
examination of evidence contaminated with low to moderate levels of radiation.

(Bottom) srnl provides a variety of training for the fbi, including the packaging 
of radiological evidence.

traditional forensic examinations 
on contaminated evidence. For ex-
ample, this laboratory space will 
allow an fbi examiner to collect 
latent prints or dna which could 
eliminate or include a suspect as-
sociated with a “dirty bomb.” srnl 
and other Department of Energy 
laboratories conduct the analysis of 
the radiological 
components. 

srnl also 
provides radio-
logical crime-
scene training 
to fbi agents 
from around the 
country who are 
members of the 
fbi’s Hazardous 
Materials Re-
sponse Teams. 
These agents are 
trained to safely 

collect, preserve, and document 
evidence from radiological crime 
scenes. Additionally, srnl instruc-
tors provide training for the fbi 
Laboratory’s Hazardous Evidence 
Analysis Team (heat). The heat 
members are certified by doe to 
handle radiological materials at 
any doe laboratory.   
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The promise of a clean energy 
source that would also end u.s. 

dependence on foreign oil has 
been an alluring prospect for many 
years. In 2003, the administra-
tion embarked on a major effort to 
make hydrogen the fuel of the fu-
ture for transportation needs. Hy-
drogen is not only one of the most 
abundant elements, but it can be 
burned cleanly, with water vapor 
as the only residue. To achieve the 
objective of practical hydrogen-fu-
eled vehicles, many challenging 
technical breakthroughs will have 
to be achieved (e.g., economical 
generation of hydrogen, creation 

of a distribution infrastructure, 
vehicle retooling). One challenge 
that is being addressed by srnl 
is on-board vehicle storage of 
hydrogen.

An acceptable hydrogen 
storage system must be light-
weight, must hold sufficient hy-
drogen to give the vehicle a travel 
range comparable to gasoline-fu-
eled vehicles, must allow rapid 
and easy fueling, must be afford-
able, and—above all—must both 
be safe and be perceived as safe.

The most promising hydrogen-
storage option for balancing all 
of these requirements in the long 

Storing Hydrogen for the 
Vehicle of the Future

Savannah River National Laboratory

The u.s. has embarked on an ambitious program to develop the technology 
needed for commercially viable hydrogen-powered vehicles. How to store hydrogen 
on board a vehicle is one of the key technology challenges that must be addressed 
to make hydrogen practical for consumer use. srnl is at the forefront of research 
and development of solid-state methods of hydrogen storage, which have safety and 
practicality advantages over storage as a liquid or a gas. srnl’s innovative programs in 
metal hydrides, complex hydrides, carbon nanotubes, and porous-walled hollow glass 
microspheres are showing great promise. Automakers such as Toyota and gm are also 
making use of srnl’s expertise, collaborating with the laboratory on various projects to 
explore safe, efficient methods of hydrogen storage for vehicle applications.

�

srnl concept of a 
hydrogen-powered vehicle 
and a fuel storage system.
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term is solid-state storage, which 
has proven to be both safe and ef-
ficient. Current hydrogen storage 
options, such as compressed gas 
and liquid hydrogen, come close 
to meeting the targets for energy 
density, but they fall short when 
increased energy availability is 
balanced against safety and cost. 
Solid-state hydrogen storage ma-
terials (especially metal hydrides) 
have been studied for more than 
30 years because of their excel-
lent volumetric hydrogen-storage 
densities and their inherent safety. 
Dr. Theodore Motyka, Hydrogen 
Technology manager at srnl, notes 
that hydrogen can be stored at low 
pressure on solids versus gas or 
liquid. “Also,” he says, “the shape 
of the fuel tank for solid storage 
can be very flexible due to the low 
pressure. And this can better fit the 
design of the vehicle.”

srnl’s extensive and unique 
expertise in handling and storing 
hydrogen is based on more than 
50 years of technology support 
for the Savannah River Site (srs), 
which is the sole provider of tri-
tium, a radioactive isotope of 
hydrogen, for the U.S. nuclear de-
fense program. This includes 25 
years of developing and deploying 
solid-state storage systems. 

srnl has also developed, de-
signed, and demonstrated the 
metal hydride technology behind 
the largest tritium processing 
facility in the world, which is 
located at srs. The use of metal 
hydrides for hydrogen storage, 
separation, and processing sig-
nificantly reduced the cost and 
footprint of that facility, while 
enhancing safety and environ-
mental protection.

In addition to exploring con-
ventional metal hydrides for hy-
drogen storage, srnl is also in-
volved in research on promising 
new materials such as complex 
hydrides, doped carbon nano-
tubes, and glass microspheres.

Metal Hydrides
Traditional metal hydrides (pow-

dered or granulated metals that 
hold hydrogen in an atomic rather 
than molecular form) work well for 
stationary or heavy-duty vehicle 
applications. Because the weight 
of the hydrogen is low compared 
to the weight of the metal, such 
storage systems are heavy, which 
makes them unsuitable for light-
duty vehicle applications. Over the 
years, many hydrides have been 
studied, including hydrides of 
nickel and other transition metals, 
rare-earth alloys, and related mate-
rials. In general, it has been found 
that only about 2 wt% hydrogen 
can be stored and released by this 
class of compounds under condi-
tions that are practical for on-board   
application (<100°C). Much larger 
quantities of hydrogen (7 wt%) 
can be found in other simple hy-
drides such as magnesium hydride 
(MgH2), but the temperatures for 

hydrogen release are too high 
(300°C) for practical transportation 
applications.

This gap between the hydrogen-
loading capacity and hydrogen-re-
lease temperature for different hy-
drides is clearly shown in Figure 1. 
The higher-capacity materials have 
high release temperatures, while the 
low-release-temperature materials 
have low capacity. The r&d objec-
tive is to find materials that have 
high capacity at low release temper-
atures. The Department of Energy 
(doe) 2010 target for automobiles is 
6 wt% hydrogen on a system basis 
released at less than 100ºC.

Much of the work on metal 
hydrides is now focused on 
lighter structures to bind the hy-
drogen and on lower tempera-
tures to release and reabsorb the 
gas. Because of the limitations 
of traditional hydrides, srnl re-
searcher Dr. Ragaiy Zidan and 
his colleagues have focused their 

�

Figure 1. Advanced hydrogen storage materials metal hydride status and  
future goal. The gap shows the region of greatest research interest; the DOE 
goal is 6 wt% hydrogen on a system basis by 2010.
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attention on promising new 
higher-capacity materials, such 
as complex hydrides and carbon 
nanotube materials.

Complex Hydrides
Complex hydrides differ from 

conventional inter-metallic hy-
drides in that they are mixed 
ionic–covalent compounds. 
Because complex hydrides in-
volve lightweight metals, such 
as aluminum, boron, sodium, 
and magnesium, they show good 
promise for hydrogen storage. 
It was once believed that these 
compounds could be made to re-
lease their hydrogen, but could 
not be made to easily reabsorb 
hydrogen. It has now been 
shown that these materials can 
be made to reabsorb hydrogen 
under practical conditions by 
doping them with small amounts 

of transition metals such as ti-
tanium. srnl’s researchers and 
others are working to increase 
the hydrogen capacity and to 
improve these materials’ absorp-
tion rates at operating tempera-
tures compatible with vehicle 
application.

The key advance in the metal-
doping work was reported in 1997 
by Dr. Borislav Bogdanovic and his 
team at the Max Planck Institute 
in Germany. They found that a ti-
tanium-doped sodium aluminum 
hydride (sodium alanate), NaAlH4, 
could reversibly absorb 3.7 wt% 
hydrogen at reasonable tempera-
tures and an additional 1.8 wt% 
at higher conditions. This work 
touched off a number of investi-
gations in search of dopants that 
would release the full 5.5 wt% of 
hydrogen held by sodium alanate. 
The potential role that alanates 
and similar compounds can play 
in filling the performance gap de-
scribed earlier is shown in Figure 1, 
where complex hydrides like so-
dium alanate are shown starting to 
fill the gap by exhibiting both high 
capacity and relatively low release 
temperatures. The structure of so-
dium alanate is shown in Figure 2.

In one study, srnl’s Dr. Zidan, 
working with Dr. James Ritter 
and coworkers from the Univer-
sity of South Carolina, showed 
that doping sodium alanate with 
a combination of titanium and 
graphite resulted in a marked 
improvement in the overall rate 
of hydrogen absorption and de-
sorption. Dr. Zidan believes that 
the graphite helps enable the 
mobility of aluminum and other 
species during reabsorption of 
hydrogen on the material. The 
role of graphite is, therefore, be-
lieved to be different from that 
of titanium, which is more of a 
reaction promoter or dopant for 
the hydrogen reabsorption.

Figure 2 (top). Structure of sodium alanate (NaAlH4). The material exhibits both 
high capacity and relatively low release temperatures for hydrogen.

Figure 3 (bottom). Carbon nanotubes. Light weight, high surface area, and 
ability to be doped with metals offer promise for low-temperature hydrogen 
storage. (See also Figure 4.)

Storing Hydrogen for the Vehicle of the Future

3.0 μm10.0 μm



�	 2007 – Vol. 1 – No. 1

Dr. Zidan and his team also de-
veloped a new patented process—
molten-state synthesis—which pro-
duces homogeneous new material 
formulations and further improves 
the hydrogen evolution kinetics. 
In this process, components used 
for preparing hydrides are mixed 
at near-melting-point tempera-
tures to produce new materials. 
The team has successfully prepared 
Na2LiAlH6 and other compounds 
based on magnesium and mag-
nesium–nickel using this process. 
While some materials have shown 
promise, the work is still con-
tinuing to synthesize better ones.

Other hydride storage mate-
rials that are being investigated 
are borohydrides such as LiBH4 
(18 wt%) and Mg(BH4)2 (14.9 wt%),  
nitrides such as Li3NH4 (10.4 
wt%) and LiNH2 (8.7 wt%) and 
mesoporous reduced-metal ox-
ides such as TiO2–C60. The most 
promising appear to be the LiBH4 
materials.

Carbon Nanotubes
Carbon nanotubes are another 

high-potential hydrogen-storage 
material. Their light weight, high 
surface area, and ability to be 
doped with metals and metal al-
loys make them attractive mate-
rials for this application.

Working with Dr. Apparao Rao 
at Clemson University and others, 
srnl has identified methods of pro-
ducing large quantities of single- 
and multi-wall nanotubes. Figure 
3 shows some of the nanotubes 
produced. The long, thin hollow 
structures are approximately 
1/10,000th the width of a human 
hair (i.e., ~10 nm). Methods were 
then developed for doping the 
nanotubes with metals and metal 
alloys. Figure 4 shows the tip of a 
nanotube with encapsulated metal 
particles. Testing of these materials 
showed some hydrogen-storage po-
tential at near room temperatures.

In order to improve the perfor-
mance of these nanotubes (which 
currently absorb only about 1 
wt%), a better understanding of 
their physical and chemical prop-
erties and their bonding mecha-
nism with hydrogen is needed. 
doe is funding work by srnl and 
researchers at Virginia Common-
wealth University, the Georgia 
Institute of Technology, and Oak 
Ridge National Laboratory to study 
this problem. This project will look 
at metal-doped carbon nanotubes 
and will relate their physical and 
chemical properties to their ability 
to bond and release hydrogen. Re-
cent theoretical work has shown 
that hydrogen forms a weak cova-
lent bond with carbon nanotubes 
at room temperature, which fur-
ther supports them as a promising 
material for hydrogen storage.

Porous-walled, 
Hollow Glass 
Microspheres

srnl has combined world-class 
capabilities in hydrogen and glass 
science and technology to de-
velop a novel, interdisciplinary 

approach to hydrogen storage 
using a proprietary method of 
producing porous-walled, hollow 
glass microspheres (pw-hgms).The 
porosity introduced in the wall 
differentiates the srnl pw-hgms 

Figure 4 (top). Transmission electron micrograph of a carbon nanotube. The 
doped region is the light triangular shape shown at the bottom.

srnl’s unclassified hydrogen research and development is housed at the Center 
for Hydrogen Research (bottom), a state-of-the-art laboratory facility owned by 
Aiken County and designed to facilitate collaboration. srnl leases half of the 
facility; the other half is being leased to private industry, universities or others in 
hydrogen-related research.

10 nm
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from conventional hgms used for 
years in many industrial and com-
mercial applications.

By employing alkali borosilicate 
glasses that phase-separate, srnl 
researchers Dr. Ray Schumacher, 
Dr. George Wicks, and Dr. Leung 
Heung were able to produce mi-

crospheres with porous walls of 
controllable channel size. They 
used a sodium borosilicate glass in 
the Vycor® region that is known 
to phase-separate into two con-
tinuous glass phases. One phase is 
rich in alkali borate and is soluble 
in acid; the other is near pure silica 

and is not soluble. After forming, 
the pw-hgms—which are ~50 μm 
in diameter—are washed in acid to 
leave an interconnected network 
of pores ~100–3000 Å in diameter 
within their walls (Figure 5). The 
channels can subsequently be al-
tered (opened or closed) to varying 
degrees by a number of techniques 
to assist in loading of absorbents 
and in hydrogen loading and un-
loading operations.

In addition to using relatively 
high temperatures, other concepts 
are being investigated for releasing 
hydrogen from glass forms and 
structures. One interesting ap-
proach developed by Dr. James 
Shelby from Alfred University uses 
a doped glass that, when stimu-
lated with ir radiation, gives a 
large increase in hydrogen diffu-
sion. Alfred University is leading 
a new joint collaboration in-
volving srnl and Mo-Sci Corp. to 
investigate this phenomenon in 
various glass systems and forms. 
A comparison of the relative re-
lationships of the different hy-

Storing Hydrogen for the Vehicle of the Future
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(top-left to right) Dr. George Wicks, Dr. Leung “Kit” Heung, and Dr. Ray Schumacher display the apparatus and 
products involved in porous-walled, hollow glass microspheres.

Figure 5 (bottom-left). Schematic of pw-hgm. The surface area of these microspheres is significantly increased 
by washing in acid baths, which leave pores whose dimensions and behavior can be modified to improve hydrogen 
storage capability.

Figure 6 (bottom-right). Direct storage in hgms. Chart shows the relative relations of the various automotive fuels, 
compared to the DOE system goal.
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drogen storage approaches on a 
gravimetric and volumetric basis is 
shown in Figure 6.

The porosity of the pw-hgms 
can be controlled to improve 
hydrogen-cycling operations. 
Also, the porosity, or subsequent 
coatings on the walls, can act as 
filters, which may be important 
for mixed gas streams and for ex-
cluding possible poisons to absor-
bents inside in pw-hgms. Several 
patents involving this new tech-
nology have been filed by srnl 
researchers.

Engineering
In addition to work on hy-

drogen storage materials, srnl 
is also leading the doe effort on 
engineering and engineering sys-
tems testing and evaluation for 
metal hydride hydrogen storage. 
This effort is carried out under 
the auspices of the doe Center of 
Excellence on Metal Hydrides led 
by Sandia National Laboratory. 
The goal of the doe Center of 
Excellence program is to develop 
a 1-kg (approximately 1/5-scale) 
prototype hydrogen storage 
system that also meets the doe 
automobile-based targets for 
2010. The program is a five-year 
effort that began in 2004. srnl 
will be leading the system en-
gineering efforts for the Center. 
Partnering with other national 
laboratories and universities, 
srnl is working toward delivery 
of a prototype storage system 
that meets the doe Center of 
Excellence goals for hydrogen 
storage.  

For more information regarding this 
article, contact: 
Dr. Theodore Motyka 
803.507.8548 
ted.motyka@srnl.doe.gov 

Technologies in the News
Three srnl-developed technologies were 
selected for inclusion in the World’s Best 
Technologies Showcase  
(also see pages 17 & 21)

solace —  
Solid or Liquid 
Aerosol 
Contaminant 
Extractor
The Solid or Liquid 
Aerosol Contaminant 
Extractor (solace) is a 
novel, compact and por-
table device that collects air-
borne particles for analysis. The 
solace, which can operate in hostile 
environments, has the potential to provide law enforcement agencies 
with a powerful tool to detect methamphetamine labs and could also 
collect particles in homeland security applications such as biodefense.

Small enough for handheld opera-
tions and having few moving parts, 
the solace is ideally suited for 
reliable performance while using 
limited power. Four C-cell batteries 
provide eight hours of operation. 
A second, even more compact, 
unit, uses only six aa batteries for 
eight hours of operation. Samples, 
including toxic or radioactive par-
ticles, are collected electrostati-
cally on a solid substrate or into a 
liquid.

A u.s. patent application has been 
filed on the invention.

Washington Savannah River Company 
(wsrc) invites interested companies 
with proven capabilities in this area 
of expertise to enter into a licensing 
agreement with wsrc to manufacture 
and market this and selected other de-
vices as commercial products. 

Interested companies should contact 
Steve Wach at: 
	 803.725.3020 
	 steve.wach@srnl.doe.gov
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How do you go about tailoring 
a sorbent to preferentially re-

move specific elements from a 
complex chemical mixture? The 
question is highly relevant to 

Tailoring Inorganic 
Sorbents for Strontium 
and Actinides 

A national team led by srnl has tailored a new material to improve the 
removal of strontium and actinides from nuclear-waste salt solutions, a step that 
will facilitate the immobilization of these solutions for safe disposal. Transmission 
electron microscopy and x-ray absorption fine structure were used to understand 
the mechanisms used by monosodium titanate (mst – a commonly used sorbent) to 
sorb actinides, enabling the team to modify the sorbent to improve performance. 
They found that treating mst with hydrogen peroxide increased the crystalline fibrous 
fringe area around the particles that is associated with the sorption process. As a 
result of the improvement, the process can use one-fourth the amount of sorbent 
and still increase throughput three-fold.

waste management and environ-
mental remediation work at the 
Savannah River Site (srs); suc-
cessful development of new tech-
nology would benefit similar sites 
throughout the doe community.

One approach, used by a na-
tional team led by Dr. David Hobbs 
of srnl, is to first understand the 
science that leads to the preferen-
tial sorption of an element by a 
sorbent. Then that science can be 
put to work by structurally modi-
fying the sorbent to increase the 
number and availability of these 
sorption sites. Dr. Hobbs, Dr. May 
Nyman of Sandia National Labo-
ratory, Dr. Abraham Clearfield of 
Texas A&M University, and Dr. Ed-
ward Maginn of the University of 
Notre Dame took on the challenge 
of modifying titanate compounds 
used for separating strontium and 
actinides from the “witches’ brew” 
of nuclear-waste salt solutions.

Earlier work had shown that 
titanium-based materials, and 
specifically monosodium titanate 
(mst), were excellent sorbents 
for strontium and actinides in 

Dr. David Hobbs with bench-top test apparatus for sorbent 
tailoring.
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strongly alkaline and high-so-
dium-containing salt solutions. 
In order to better understand the 
mechanism of uptake of stron-
tium and actinides by titanate 
sorbents, studies led by srnl’s  
Dr. Martine C. Duff used the 
techniques of transmission elec-
tron microscopy (tem) and x-ray 
absorption spectroscopy.

To better understand the phys-
ical nature of the mst and that re-
lationship to its sorbent capabili-
ties, tem was used with the help 
of Dr. John P. Bradley, formerly of 
Georgia Institute of Technology 
and now with Lawrence Liver-
more National Laboratory. Figure 1 
shows low- and high-magnifica-
tion micrographs of a sectioned 
mst particle. The pictures show 
an amorphous inner structure 
and a crystalline fibrous fringe 
area with high surface area. With 
the help of the tem, selective-area 
electron diffraction was used to 
detect the presence or absence 
of crystallinity and is shown in 
the small inset pictures. With 
the use of energy-dispersive spec-
troscopy—another feature of the 
tem—the team was also able to 
determine that strontium prefer-
entially sorbs to the outer fringe 
material, but was unable to deter-
mine the actinide preference. This 
information was vital because it 

showed that if Dr. Hobbs and his 
team were able to increase that 
outer fringe area through product 
synthesis or treatment of the 
product, they could potentially 
improve the performance proper-
ties of the sorbent.

Dr. Duff used x-ray absorption 
spectroscopy to look at the sorp-
tion/ion exchange interactions at 
the molecular level. By studying 
the fine structure oscillations past 
the x-ray absorption edge, av-
erage local structural information 
can be revealed about the metal–
ion and sorbent interactions. 
This technique is known as x-ray 
absorption fine 
structure (xafs) 
spectroscopy.  
Figure 2 shows 
an x-ray ab-
sorption edge 
with its fine 
structure. Sim-
plistically, the 
absorption-edge 
energy is char-
acteristic for the 
particular atom, 
the frequency 
of oscillations 
is indicative of 
the distance be-
tween atoms, 
and the ampli-
tude of oscil-

(a)

Amorphous

(b)

Amorphous

Fibrous

(c)

Fibrous

Figure 1 (above). tem characterization of mst. mst contains an amorphous interior and crystalline fibrous fringe material. 
Strontium preferentially sorbs to outer fringe material (actinide preference not known). The electron diffraction pattern 
from the interior is smooth (a-inset), whereas it shows speckling from the fringe (b-inset), indicating crystalline structure 
that can be exploited to improve sorbent performance.

Figure 2 (top-right). Fine-structure oscillations reveal average local structural information.
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lations indicative of the number 
and types of neighbors. Thus, 
xafs can help to differentiate 
among four possible mechanisms 
of uptake of the metal by the 
sorbent surface: incorporation 
into the surface; outer-sphere 
sorption, ion exchange, or elec-
trostatic sorption; inner-sphere 
sorption, specific adsorption, or 
chemisorption; and surface pre-
cipitation or polymerization.

Samples were prepared at srnl 
with strontium (Sr), uranium (U), 
neptunium (Np), and plutonium 
(Pu) sorbed on mst. They were 
then examined by Dr. Duff and 
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Dr. Douglas Hunter (also of srnl) 
at the National Synchrotron 
Light Source at the Brookhaven 
National Laboratory. The results, 
shown in Figures 3 and 4, clearly 
revealed the nature of the metal 
uptake by the sorbent. In the 
case of strontium, xafs pointed 
to an inner-sphere sorption of 
partially hydrated Sr2+ species. In 
the case of uranium, the mecha-
nism changes, depending on the 
concentration of uranium on 
the surface. At low-U concen-
trations, the mechanism is an 
inner-sphere sorption as mono-
meric U(VI)-hydroxo and U(VI)-
carbonato on distorted TiO2 octa-

hedra. At high-U concentrations, 
the mechanism shifts to dimers 
of U with the same complexes 
sorbing on distorted TiO2 octa-
hedra. The same shift in mecha-
nism with concentration is ob-
served with plutonium on mst. 
At low concentration, the Pu 
uptake is an inner-sphere sorp-
tion of Pu(IV) on normal TiO2 
octahedra. Even when starting 
with Pu(VI), the Pu is reduced 
to Pu (IV). At higher concentra-
tions, a polymeric Pu(IV) is seen 
sorbed to the surface. This would 
explain the slow kinetics seen 
with Pu sorption. Finally, for Np, 
an inner-sphere sorption of Np 

as polymeric Np(V) on distorted 
TiO2 octahedra is seen. This work 
was not only fruitful in eluci-
dating sorption mechanisms, 
but it also led to advances in the 
molecular modeling program for 
xafs analyses and patent applica-
tions for radioactive xafs sample 
containment and shielding.

Salt Waste 
Processing

In 2001, the Department of 
Energy (doe) selected mst for 
the strontium/actinide separa-
tion step within the Salt Waste 
Processing Facility (swpf) at 
srs. Subsequently, mst was se-
lected for use in the Site’s Ac-
tinide Removal Process (arp) 
to treat waste solutions low in 
cesium activity in a small treat-
ment facility. The proposed swpf 
and existing arp facilities have 
contact times between the mst 
and the alkaline waste solutions 
of around 24 hours. Increased 
waste-characterization data indi-
cate that alpha-removal charac-
teristics (principally plutonium 
removal) represent a greater 
challenge than that for 90Sr re-
moval. Based on recent testing 
at srnl, the performance of mst 
to efficiently and rapidly remove 
alpha-emitting radionuclides 
serves as the limiting factor in 
sizing the equipment and opera-
tional throughput. Even higher 
alpha activities are projected for 
the swpf and arp operations as a 
result of initiatives to accelerate 
the disposal of high-level waste 
(hlw) at srs. Due to the limited 
solubility of titanium in hlw bo-
rosilicate glass, there are limits 
on the amount of mst that can 
be used in swpf and arp facili-
ties. Consequently, the need ex-
ists for an improved Sr/alpha re-
moval material that exhibits  
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increased actinide capacity (re-
duces sorbent usage) and removal 
kinetics (reduces contact time).

The initial work looked at three 
different titanium-based materials, 
mst, sodium nonatitanate (snt)  
Na4Ti9O20, and a titanosilicate 
material M3H(TiO)4(SiO4)3.xH2O 
(tsp), where M = Na or K, that has 
a crystal structure similar to the 
mineral-phase pharmacosiderite. 
snt and tsp samples synthesized 
under different conditions showed 
no improvement over baseline 
mst. Studies with mst focused on 
modifying the synthesis conditions 
to enhance sorption kinetics and 
capacity. In addition to evaluating 
templating agents, the project 
team investigated the use of miner-
alizing reagents to modify the mst.

Testing showed that the addi-
tion of templating agents produced 
little improvement in mst perfor-
mance. However, the use of the 
mineralizing reagent hydrogen 
peroxide produced an mst mate-
rial that exhibited increased stron-
tium- and plutonium-removal per-
formance. The focus of the testing 
then concentrated on the per-
oxide-modified mst material. Fur-
ther testing showed that the action 
of hydrogen peroxide proved ben-
eficial during the synthesis of mst 
and as a post-synthesis treatment. 
The changes introduced by the 
hydrogen peroxide corresponded 
to the team’s understanding of 
the nature of sorption by mst. The 
improved form of mst exhibited 
a higher surface area and smaller 
pore size. Both of these changes 
would be expected to signifi-
cantly increase sorption capacity 
and kinetics. Furthermore, as evi-
denced by the transformation of 
the white baseline mst to a bright 
yellow color, the modified mst also 
incorporated peroxide into the 
mst framework. Together, these 
changes in the mst yield a material 
that performs much better than 

the baseline mst for the removal 
of strontium and actinides from 
strongly alkaline salt solutions.

The excellent strontium- and 
actinide-removal characteristics 
exhibited by these modified mst 
materials should prove to have sig-
nificant impacts on swpf and arp 
operations. The higher actinide-
removal capacities and removal 
kinetics suggest that these facilities 
may require less mst and shorter 
contact times to affect the neces-
sary radiochemical decontamina-
tion factors. A conservative esti-

mate is that the mst concentration 
could be lowered by a factor of 4 
(i.e., 0.1 g L-1) and batch contact 
times reduced to about 4 hours,  
which could produce as much as a 
three-fold increase in throughput.

Performance tests with actual 
waste supernate demonstrated that 
the modified mst exhibited better 
strontium- and plutonium-removal 
performance than that of the 
baseline mst (Figures 5 and 6). For 
example, the decontamination fac-
tors for the modified mst measured 
2.6 times higher for strontium, and 

TiO

Pu
O

O

O

O
O

TiO

Np O

O

Np

O
O

O

O
O

FT
 M

ag
n
it

ud
e 0.008

0.010

0.006

0.004

0.002

0.000

Loading: ~10,000 mg kg-1 added as Pu(VI)

Titanium

Oxygens

Loading: ~600 mg kg-1 added as Pu(IV)

FT
 M

ag
n
it

ud
e

0.000
0.002

0.004

0.006

0.008

0.010

0.012

0.014 Oxygens

Pu

Loading: ~9,400 mg kg-1 added as Np(V)

FT
 M

ag
n
it

ud
e

0.000

0.002

0.004

0.006

0.008

0.010

0.012

10 2 3 4 5 6 7 8

R, Å

Oxygens

Titanium

Np

Colloidal
Pu(IV)

Pu(VI) reduction to Pu(IV). Inner-sphere 
sorption as monomeric Pu(IV) species 

on normal TiO6 octrahedra

Sorption of polymeric Pu(IV) explains 
slow sorption kinetics

Inner-sphere sorption of Np as 
polymeric Np(V) species on distorted 

TiO6 octrahedra

Figure 4. xafs studies: Np(V) and Pu(IV, VI) sorption to mst.



16 Savannah River National Laboratory

between 5.2 and 11 times higher 
for plutonium, compared to the 
baseline mst sample.

 One of the key questions that 
had to be answered for the modi-
fied mst to be a viable replacement 
for baseline mst at srs was the fil-
tration characteristics of the new 
powder:  What was gained in im-
proved throughput by shorter con-
tact times could be lost by slower 
filtration. Filtration tests led by  
Dr. Michael Poirier of srnl showed 
that the modified mst exhibits fil-
tration characteristics similar to the 
baseline mst using the same size 
filter membranes planned for use 
in the swpf and arp facilities.

Currently, the team is working 
to scale the synthesis of the modi-
fied mst to commercial quantities. 
A custom chemical manufacturer 
has prepared a 15-kg batch of ma-
terial that is now being tested for 
sorption and filtrate performance. 
Should the commercially-prepared 
material exhibit improved perfor-
mance, as expected, the team will 
continue development of this ma-
terial for use in the arp and swpf.

Next Step:  
Higher-Performance 
Sorbents

With this success well in hand, 
Dr. Hobbs and his team are now 
looking to improve the perfor-
mance of other sorbents and to 
develop new sorbents that can 
combine removal of several  
desired elements simultaneously. 
An example is to combine the 
mst-removal properties just de-
scribed with those of a cesium-
removal agent such as crystalline 
silicotitanate (cst).

Dr. Hobbs and his team are also 
looking beyond nuclear waste 
for application of their tailored 
sorbents to specialty separations 
in the chemical industry and 
in medicine. Sodium titanates 
have shown affinity for a wide 
variety of metal ions in aqueous 
solutions. Thus, these materials 
may prove of value in a number 
of separations. For example, 
the modified mst may prove to 
be an excellent material for the 

Disposition of 
Nuclear Waste

Nuclear waste from the 
u.s. defense program con-
sists of an insoluble sludge of 
metal oxides and hydroxides 
and a soluble fraction of salts, 
primarily sodium nitrate and 
hydroxide. This salt solution 
contains radioactive cesium 
as the principal radionuclide, 
as well as traces of strontium 
and actinides. The Savannah 
River Site (srs) plans to treat 
its salt solution at its new 
Salt Waste Processing Facility 
starting in 2011 using solvent 
extraction to remove the ce-
sium activity and sorption to 
remove the traces of stron-
tium and actinides. The radio-
active components separated 
will be sent to srs’s Defense 
Waste Processing Facility 
for vitrification. The decon-
taminated salt solution will be 
sent to srs’s Saltstone facility, 
where it will be processed and 
disposed of in a grout form. 

Figure 5. Strontium-removal kinetics for modified and 
baseline mst samples. The modified mst samples 
exhibited faster strontium removal kinetics than the 
baseline mst sample. 

Figure 6. Plutonium-removal kinetics for modified and 
baseline mst samples. As with strontium, the modified 
mst samples exhibited much faster plutonium removal 
compared to the baseline mst.
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separation of rubidium-82 from 
strontium-82, which is widely 
used for positron emission 
tomography. By taking advantage 
of the strong affinity that mst 
has for strontium but not for 
rubidium, the modified mst may 

Dr. Douglas Hunter (left) and Dr. Martine Duff examine report of sorbent performance. The image on the screen in the 
background is a detail of Figure 1b.

prove to be a better separation 
reagent than the current tin 
oxide material that is used.

Dr. Hobbs says, “We hope for 
many more advances from this 
research and our national team of 
collaborators.”   

For more information regarding this 
article, contact:
Dr. Samuel Fink 
803.725.2947 
samuel.fink@srnl.doe.gov

Technologies in the News

BioTiger™ Novel Biocatalyst
The BioTiger™ biocatalyst cleans up severely 
contaminated petroleum-polluted sites using a 
proprietary and carefully balanced combina-
tion of bacteria that are especially suited 
to the task of destroying or otherwise 
mitigating complex petrochemicals and 
heavy metals, even under extremely 
harsh conditions. The biocatalyst was 
isolated from a century-old oil refinery in 
Poland, a location with over a century of 
exposure to extreme environmental condi-
tions, petroleum hydrocarbons, heavy metals, 
and associated solvents. 

The novel microbial consortia produces surfactants that 
increase the solubility of polycyclic aromatic hydrocar-
bons (pahs) and increase access of the bacteria to the 

pahs, thereby increasing the efficiency of the bioremedi-
ation. pahs are widespread pollutants particularly found 
in association with oil refineries, petroleum storage loca-
tions, and petroleum spill sites. Other locations with pah 

contamination include energy production facilities, 
wood treatment locations, harbors, municipal 

and commercial waste disposal sites, and 
military installations. By use of microbes to 
accelerate remediation, treatment time 
for petroleum-contaminated soil can be 
reduced to as little as 90 days.

BioTiger™ also has surfactant proper-
ties useful in the removal of metals from 

contaminated soil and substrates. The re-
sulting removed metals, contained within the 

biosurfactant micelles, are then more easily 
separated and concentrated for efficient disposal.

A  U.S. patent application has been filed on the bio-
catalyst and method.
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Isotope separation technology 
is required to separate the dis-

tinct masses of a given element, 
allowing one to take advantage 
of the differing properties of the 
various isotopes.  In the case of 
hydrogen there are three isotopes: 

tritium, deute-
rium and pro-
tium, of atomic 
mass three, 
two and one, 
respectively.  
While the fu-
sion of protium 
with itself and 
with other 
nuclides are 
important reac-
tions releasing 
the energy 
powering our 
sun, the fusion 
of tritium with 
deuterium can 
be achieved at 
lower tempera-
ture and with 
lesser confine-
ment require-

ments. Consequently, the use of 
tritium and deuterium makes the 
achievement of fusion and its en-
ergy release more practical here on 
earth.  The practical separation of 
pure hydrogen isotopes is, there-
fore, an essential capability to sup-
port modern nuclear weapons and 
to provide fuel for the realization 
of fusion power reactors in the 
future. 

srnl made an important con-
tribution to the field of hydrogen 
isotope separation with the devel-
opment of the Thermal Cycling 
Absorption Process (tcap), which 
was invented by Dr. Myung Lee of 
srnl in 1980. After development 
by srnl researchers in the 1980s, 
a tcap isotope separator was in-
stalled at the Savannah River Site 
(srs) in the H-Area New Manufac-
turing Facility, a new reservoir-
loading and unloading facility. 
srs has been the sole provider of 
tritium, a radioactive isotope of 
hydrogen, for the u.s. nuclear de-
fense program for over 50 years. 
srnl has been a key provider of 
hydrogen r&d for srs and Defense 
Programs throughout that period.

Next-Generation Hydrogen  
Isotope Separation 
Process

srnl invented the Thermal Cycling Absorption Process (tcap) for hydrogen 
isotope separation in 1980 for the National Security Program. This process plays 
a crucial role in the production of tritium, the hydrogen isotope that provides fusion 
energy for our nation’s nuclear weapons. Now srnl’s researchers have developed 
the next-generation tcap, called Compact Thermal Cycling. This new process greatly 
simplifies the overall system, increases production, and provides greater flexibility. 
The process has been successfully demonstrated on a laboratory scale and is 
scheduled for a large-scale demonstration by mid-2007.
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Hydrogen isotopes have been 
separated at srs by thermal dif-
fusion (1955–1986), fractional 
absorption (1964–1968), and cryo-
genic distillation (1967–2004). 
The advantages of tcap over other 
methods are its compact size (fits 
in a glovebox), its small tritium 
inventory (lower risk), its simple 
control logic, and its near-ambient 
operating temperatures.

tcap has been successfully oper-
ating at srs since 1994. Since that 
time, a number of improvements 
to the overall tcap system have 
been developed. Dr. Leung Heung 
of srnl and his team have re-
cently developed and added a new 
concept to the equipment needed 
for tcap’s thermal cycling equip-
ment called Compact Thermal 
Cycling or ctc (see photo, this 
page). This concept greatly simpli-
fies the overall system, increases 
production, and provides greater 
flexibility. ctc has been success-
fully demonstrated in the labora-
tory, and testing of a full-length 
column to demonstrate protium 
and deuterium separation is 
scheduled by mid-2007. This next-
generation design will be ready 
for plant installation after that 
demonstration. 

The tcap Principle
In order to fully appreciate the 

improvements in the new design, 
it is important to understand the 
principle and design of the orig-
inal, elegant tcap invention.

The principle for tcap is based 
on the difference in absorption of 
hydrogen isotopes on palladium. 
This metal preferentially absorbs 
the lighter isotopes (deuterium 
and/or protium) compared to the 
heavier isotope (tritium). This dif-
ference is significantly larger at 
lower temperatures (Figure 1). Pal-
ladium is placed in a column and 
the temperature is cycled to sepa-
rate the isotopes chromatographi-
cally (Figure 2(a)). The ratio of the 

gas-phase isotopic ratio to the 
solid-phase isotopic ratio is the 
“separation factor” (also shown 
in Figure 1).

To achieve the best separation, 
tcap uses palladium deposited 
on kieselguhr (Pd/k) as the actual 
column packing material.  

Principal Investigator Dr. Leung “Kit” Heung (right) and Steven Rikard discuss 
gas-line fittings on the prototype Compact Thermal Cycling column scheduled 
to demonstrate isotope separation by 2007. Rikard and his crew in the srnl 
development machine shop constructed the column.

Figure 2. Thermal Cycling: (a) Process schematic. (b) Original TCAP design. (c) 
New Compact Thermal Cycle design.
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Kieselguhr is a diatomaceous 
earth with a large surface area. 
The particle size is 425–600 µm, 
which allows for high gas-flow 
rates. Palladium is deposited on 
its surface by adding a palladium 
salt solution and then reducing 
it with hydrogen to the metal. 
This provides a high Pd surface 
area for absorption at low pres-
sure drops.

The basic tcap unit consists of 
two columns connected end-to-
end (Figure 2(a)). One column is 
filled with Pd/k and does the ac-
tual separation; the other is filled 
with inert kieselguhr and acts as a 
plug flow reverser (pfr). The pfr is 
a 12.7-cm-diameter stainless steel 
column that allows gas transfer 
to and from the Pd/k separator 
column with minimal gas mixing. 
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Figure 3. Sequence of TCAP operation in isotope separation: 	
	 A:	Start heating column and fill product and  
		  raffinate calibrated volumes 
	 B:	Transfer gas from column to PFR 
	 C:	Take mid-point sample and start cooling column. 
	 D:	Feed column 
	 E:	 Continue to cool column and transfer gas from  
		  PFR to column
	 F:	 Back to A

The Pd/k column is a long stainless 
steel coil (2.54-cm-diameter) con-
tained within a stainless steel shell. 
The column is heated or cooled by 
passing hot or cold nitrogen gas 
through the shell to heat and cool 
the Pd/k to separate the isotopes. 
The gas mixture (deuterium and 
tritium) is fed to the center of the 
column, and the raffinate (deute-
rium) is withdrawn from the top 
and the product (tritium) is with-
drawn from the bottom.

There are two basic modes of 
operation for tcap: Reflux (start-
up or maintain) and on-line (semi-
continuous production). In the 
reflux mode, the gas is continually 
cycled between the Pd/k column 
and the pfr to develop or main-
tain an isotopic concentration 
gradient. In the on-line mode, an 

isotope mix-
ture is fed to 
the column, 
and product 
and raffinate 
are periodically 
removed.

In the re-
flux mode, the 
column is first 
cooled, which 
lowers the pres-
sure relative to 
the pfr. Gas is 
then transferred 
from the pfr 
to the column. 
The gas at low 
temperature 
isotopically 
separates with 
the lighter gas 
(more strongly 
absorbed), 
staying closer 
to the en-
trance to the 
column, while 
the heavier 

isotope (less strongly absorbed) 
moves farther down the column. 
The column is then heated, and 
when the set-point is reached, the 
pfr is opened and the gas travels 
from the higher-pressure column 
to the lower-pressure pfr (Figure 3). 
While this somewhat reverses the 
isotopic separation established 
during the cooling cycle, the iso-
topic effect is much less at the 
high temperature, so less separa-
tion ensues. The net effect is an 
overall enrichment in product at 
the bottom of the column. This 
cycle is repeated multiple times to 
produce high-purity product and 
raffinate.

In the on-line (or semi-contin-
uous production) mode, product 
and raffinate are removed from 
the top and bottom of the Pd/k 
column during the heating half 
cycle in amounts equal to the feed 
supplied to mid-column during 
the cooling half-cycle. This main-
tains a constant inventory and 
column profile. Smaller with-
drawals will increase the purity of 
the product and raffinate but re-
duce the production rate.

Adequate heat transfer is an es-
sential requirement for efficient 
tcap performance. When three 
larger tcap units (two times the 
column diameter) were installed 
in the plant in 2003, special alu-
minum foam was first placed 
inside the column and the Pd/k 
packed in the interstices. This 
greatly improved the heat transfer 
inside the column compared to 
Pd/k alone.

The design of the heating/
cooling system for tcap is a forced 
fluid circulation system. It is quite 
large and is comprised of com-
pressors/pumps, several heat ex-
changers, and piping (Figure 2(b)). 
The fluid is hot and cold nitrogen 
gas, although liquids such as per-
fluorocarbons and ethylene glycol 
have also been successfully tested.

Next-Generation Hydrogen Isotope Separation Process
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One of the first simplifications 
evaluated for the heating and 
cooling system was an Induced 
Natural Convection (inc) pro-
cess. This eliminated some of the 
equipment but still required heat 
exchangers. However, inc was 
quickly supplanted by the more 
powerful ctc concept, which re-
places the entire heat exchanger 
system with heating wires and 
cooling tubes placed directly in 
contact with the Pd/k column.

Compact Thermal 
Cycling (ctc)

The ctc design is shown in 
Figure 2(c). It consists of four Pd/k 
columns in the shape of “U” tubes 
connected in series. There are 
four electrically heated wires on 
the outside of the column as well 
as four tubes for a once-through 
flow of cold nitrogen. The ni-
trogen is fed as a liquid but is in a 
two-phase (gas/liquid) form when 
cooling the column. A compar-
ison of the two designs shows the 
significant simplification of the 
ctc design. The new design also 
promises increased production 
and greater flexibility.

The original tcap has been op-
erating extremely well for over 
12 years, producing product and 
raffinate in excess of 99% and 
meeting all production needs. This 
next-generation tcap design is an-
other step forward in performance 
that will keep srnl in a leadership 
role in hydrogen isotopic separa-
tion and in the general area of hy-
drogen technology.   

For more information regarding this 
article, contact:
Dr. Jeffrey Holder 
803.652.8135 
jeffrey.holder@srnl.doe.gov

Technologies in the News

RadRope™
The RadRope™ portable nuclear material detection system was cho-
sen as one of the top 25 technologies featured at the World’s Best 
Technologies Showcase. 

This lightweight, 
portable system 
can rapidly de-
tect the pres-
ence of nuclear 
materials in 
sealed contain-
ers on board 
a ship. Using 
sensors arrayed 
in a rope and 
encased in fab-
ric, the RadRope 
system can be 
dangled in the 
2- to 4-inch gap 
between stacked 
shipping contain-

ers on a cargo ship by a customs inspector. As the inspector walks 
along the top containers, a hand-held pda shows an alarm when any 
sensor in the array detects radiation levels above background radia-
tion, and indicates where in the stack of containers the radiation was 
detected.

Over 95% of non-North American trade enters the country through 
u.s. seaports, and these seaports handle over $750 billion and 
2 billion tons of domestic and international freight annually. The 
RadRope will add another line of defense in the multilayered strategy 
to prevent the introduction of nuclear and radiological materials into 
this country.

The sensor nodes are made up of Geiger–Muller tubes, which can be 
configured to detect both gamma and neutron radiation. Many sen-
sor nodes can be strung together in any length. 

The device can be easily used by one person with minimal training. 
In addition to dangling the device between stacked containers, it can 
be configured in other ways, such as mounting it on a frame through 
which items of interest are passed. 

Nuclear Materials Detection Technologies, Inc., plans to manufac-
ture and market the RadRope™ device under an exclusive commer-
cial license agreement with wsrc.

A U.S. patent application has been filed on this invention. 
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srnl has enlarged its toolbox of environmental cleanup methods with 
the addition of a bioremediation technique to remediate wastewater and 
groundwater contaminated with mine drainage, nitrates/nitrites, redox 
sensitive metals and radionuclides, and chlorinated solvents. The passive 

technique, which was patented in 2006, is long lasting, 
requires infrequent attention, is stable and requires inter-
mittent addition of inexpensive, readily available, easy to 
handle biochemical energy sources. 

The concept was developed during a study conducted to 
support remediation of the Savannah River Site’s D-Area 
Coal Pile Runoff Basin. The inventors are srnl’s Mark 
Phifer, Margaret Millings, Dr. Charles Turick, and Pam 
McKinsey; and Frank Sappington, formerly of srnl.

The technique uses bacteria that developed naturally at 
the contaminated site, selected bacteria from a similar 
site, or organisms cultured in a laboratory, to establish 
a community of naturally selected bacteria within the 
treatment zone. Relatively inexpensive biodegradable 
oils and waxes provide the electron donors or nutrients 
for the bacteria. The oils float as a separate phase on 
the water being treated and degrade slowly to provide a 
steady nutritional source for the bacteria. In contrast to 
other types of bioreactors, a bioreactor that uses a float-

ing, separate phase electron donor/carbon source is not 
subject to deactivation, plugging, and hydraulic failure; it is 
easily contained within the reaction zone and is not easily 
flushed out. Contaminant removal will occur by either direct 
reduction, when that particular contaminant is chemically 
reduced by bacteria, or by indirect reduction when a reac-
tive end-product of anaerobic respiration reacts chemically 
with a contaminant to produce an insoluble mineral. 

In developing its environmental remediation technologies, 
srnl takes care to match the aggressiveness of the treat-
ment to the risk posed by the contaminant and the intrac-
tability of the problem. Emphasis is placed on techniques 
that cause minimum disruption to the existing environment 
and use little or no external power. When possible, the 
techniques make use of nature’s own cleanup tools, such 
as naturally occurring bacteria, plants, sunlight, and natural 
gradients.  

srnl Passive Remediation Technique Cleans 
Water Contaminated by Mine Drainage

25µm

D Area Coal Pile Runoff Basin (top).

Sulfate-reducing bacteria (srb) used in environmental 
remediation (bottom).
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Researchers at the Savannah River National Laboratory, along with 
team members from the Massachusetts Institute of Technology and 

the Pacific Northwest National Laboratory, were named winners of an 
r&d 100 Award for their invention, the MilliWave Thermal Analyzer. The 
r&d 100 awards, considered the “Oscars of research and development,” 
are presented each year by r&d Magazine to the 100 most technologi-
cally significant inventions of the year.

The MilliWave Thermal Analyzer, developed by srnl’s Dr. Gene 
Daniel and Don Miller and their colleagues, uses millimeter-wave elec-
tromagnetic radiation for noncontact, real-time mea-
surements of temperature, amount of energy emitted, 
and physical changes of materials under extreme tem-
peratures or corrosive environments. 

This is the second r&d 100 Award received by the 
team for a development that resulted from a single long-
term research project. In 2001, Dr. Gene Daniel and 
Bond Calloway of srnl and their colleagues received the 
award for the MilliWave Viscometer, which uses similar 
technology to measure the viscosity of high-temperature 
fluids under harsh conditions. This research project has 
been funded by the u.s. Department of Energy Office of 
Science/Environmental Management’s Science Program 
for eight years so far. The project focuses on enhancing 
operations at Savannah River Site and the Hanford Site to 
convert highly radioactive waste to a stable glass form, but 
the two inventions also have wide applicability in industrial uses. 

According to the inventors, the MilliWave Thermal Analyzer is cur-
rently the only thermal-characterization technology that can monitor 
the properties of materials in the extreme conditions inside a glass melter 
or process reactor. The instrument does not need to make contact with 
the materials being analyzed, meaning that it can monitor these proper-
ties while the process is running, rather than periodically taking samples 
of the material out of the process for analysis. 

For 44 years, the r&d 100 Awards program has recognized the devel-
opers of the top 100 technologically significant products introduced into 
the marketplace over the past year. Many of the winning products accom-
plish tasks which no previous product was able to perform. In years past, 
the r&d 100 Awards have recognized many winning products that later 
became household names, including the flashcube (1965), the automated 
teller machine — atm (1973), the liquid crystal display — lcd (1980), the 
laser printer (1986), the NicoDerm® antismoking patch (1992), and high-
definition television — hdtv (1998).  

MilliWave Thermal Analyzer 
Wins R&D 100 Award

Dr. Gene Daniel Don Miller

Awards
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Dr. Brian B. Looney 
was honored as the Fred C. Davison Distinguished Scientist of the Year Award for 2006 by 
the Citizens for Nuclear Technology Awareness (cnta). He is recognized nationally and in-
ternationally for his technical expertise, leadership, and scientific contributions in environ-
mental remediation, site characterization, contaminant geochemistry, and modeling. He is 

a leader in natural forces and processes for environmental cleanup to minimize environ-
mental disruptions.

Dr. Ragaiy Zidan 
was honored as the second runner-up for the Herbert C. Brown Innovation Research 
Award, presented at Purdue University’s first Energy Center Hydrogen Initiative Sympo-
sium.  Dr. Zidan was honored for his innovative methods in hydrogen storage and for 

extending the work of Dr. Borislav Bogdonovic (the first-place winner) in a way that 
brought the study of complex metal hydride materials to the forefront of the scien-
tific community. 

Dr. Elliot Clark
was selected as a Fellow of the asm International, the society for materials engineers 

and scientists. He was recognized for significant contributions to the basic and applied 
sciences concerning the behavior of hydrogen on alloys, and contributions to leadership 

roles in the national societies, asm and ims.

Joe Cordaro, John McIntosh, Gregory Dyches, Bill Daugherty, & Kevin Tietze 
were awarded the National Nuclear Security Administration (nnsa), Defense Programs, 
Award of Excellence as part of the laser marking team. The team developed, qualified and 
implemented laser marking equipment and techniques for tritium loaded reservoirs.

Dr. David Peeler 
was selected as a Fellow of the American Ceramic Society (acers). He was recognized for his 
outstanding contributions to ceramic science and technology with his work in improving 
the immobilization of high-level waste in glass for the Defense Waste Processing Facility, im-
mobilization of plutonium and americium/curium in ceramics and glass, and his leadership 
roles in acers.

Dr. Alfred J. Garrett 
received the Don Orth Award of Merit for 2006 from wsrc. He is a nationally recognized 
remote thermal infrared expert. He developed a thermal analysis code that is widely recog-
nized and utilized by u.s. Federal Agencies, universities, and commercial power companies 
for national security, research, and operational assessment. 

  

Awards
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